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8B/10B Encoder

The 8B/10B encoder translates 8-bit wide data + 1 control enable bit into 
a 10-bit encoded data. The encoded data has a maximum run length of 5. 
The 8B/10B encoder can be bypassed. Figure 2–4 diagrams the encoding 
process.

Figure 2–4. Encoding Process

Transmit State Machine

The transmit state machine operates in either XAUI mode or in GIGE 
mode, depending on the protocol used.

GIGE Mode
In GIGE mode, the transmit state machines convert all idle ordered sets 
(/K28.5/, /Dx.y/) to either /I1/ or /I2/ ordered sets. /I1/ consists 
of a negative-ending disparity /K28.5/ (denoted by /K28.5/-) 
followed by a neutral /D5.6/. /I2/ consists of a positive-ending 
disparity /K28.5/ (denoted by /K28.5/+) and a negative-ending 
disparity /D16.2/ (denoted by /D16.2/-). The transmit state machines 
do not convert any of the ordered sets to match /C1/ or /C2/, which are 
the configuration ordered sets. (/C1/ and /C2/ are defined by 
(/K28.5/, /D21.5/) and (/K28.5/, /D2.2/), respectively.) Both the 
/I1/ and /I2/ ordered sets guarantee a negative-ending disparity after 
each ordered set. The GIGE transmit state machine can be statically 
disabled in the Quartus II software, even if using the GIGE protocol 
mode.
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Figure 2–16. Word Aligner in 16-Bit Mode

In the 16-bit mode, the word aligner and pattern detector automatically 
aligns and detects a user-defined 16-bit alignment pattern. This pattern 
can be in the format of A1A2 or A1A1A2A2 (for the SONET protocol). The 
re-alignment of the byte boundary can be done via a user-controlled port. 
The 16-bit mode supports only the 8-bit data path in a single-width or 
double-width mode.

The 16-bit mode is available only for the Custom mode and SONET 
mode. The A1A1A2A2 word alignment pattern option is available only 
for the SONET mode and cannot be used in the Custom mode.

Figure 2–17 shows the word aligner in 10-bit mode.
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Stratix GX Transceivers
Figure 2–24. BIST PRBS Data Path

Figure 2–25. BIST Incremental Data Path

Table 2–9 shows the BIST data output and verifier alignment pattern.
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Table 2–9. BIST Data Output & Verifier Alignment Pattern (Part 1 of 2)

BIST Mode Output Polynomials Verifier Word Alignment Pattern

PRBS 8-bit 28 – 1 x8 + x7 + x5 + x3 + 1 1000000011111111

PRBS 10-bit 210 – 1 x10 + x7 + 1 1111111111
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June 2006 Stratix GX Device Handbook, Volume 1



Introduction
Unlike the de-skew function in APEXTM 20KE and APEX 20KC devices, 
you do not have to use a fixed training pattern with DPA in Stratix GX 
devices. Table 3–1 shows the differences between source-synchronous 
circuitry with DPA and source-synchronous circuitry without DPA 
circuitry in Stratix GX devices.

DPA Input Support

Stratix GX device I/O banks 1 and 2 contain dedicated circuitry to 
support differential I/O standards at speeds up to 1 Gbps with DPA (or 
up to 840 Mbps without DPA). Stratix GX device source-synchronous 
circuitry supports LVDS, LVPECL, and 3.3-V PCML I/O standards, each 
with a supply voltage of 3.3 V. Refer to the High-Speed Source-Synchronous 
Differential I/O Interfaces in Stratix GX Devices chapter of the Stratix GX 
Device Handbook, Volume 2 for more information on these I/O standards. 
Transmitter pins can be either input or output pins for single-ended I/O 
standards. Refer to Table 3–2.

Interface & Fast PLL

This section describes the number of channels that support DPA and their 
relationship with the PLL in Stratix GX devices. EP1SGX10 and 
EP1SGX25 devices have two dedicated fast PLLs and EP1SGX40 devices 

Table 3–1. Source-Synchronous Circuitry With & Without DPA

Feature
Source-Synchronous Circuitry

Without DPA With DPA

Data rate 300 to 840 Megabits per 
second (Mbps)

300 Mbps to 1 Gbps

Deserialization factors 1, 2, 4, 8, 10 8, 10

Clock frequency 10 to 717 MHz 74 to 717 MHz

Interface pins I/O banks 1 and 2 I/O banks 1 and 2

Receiver pins Dedicated inputs Dedicated inputs

Table 3–2. Bank 1 & 2 Input Pins

Input Pin Type I/O Standard Receiver Pin Transmitter Pin

Differential Differential Input only Output only

Single ended Single ended Input only Input or output
3–6   Altera Corporation
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Stratix GX Architecture
Memory Modes

TriMatrix memory blocks include input registers that synchronize writes 
and output registers to pipeline designs and improve system 
performance. M4K and M-RAM memory blocks offer a true dual-port 
mode to support any combination of two-port operations: two reads, two 
writes, or one read and one write at two different clock frequencies. 
Figure 4–11 shows true dual-port memory.

Figure 4–11. True Dual-Port Memory Configuration

In addition to true dual-port memory, the memory blocks support simple 
dual-port and single-port RAM. Simple dual-port memory supports a 
simultaneous read and write and can either read old data before the write 

Configurations 512 ×1
256 × 2
128 × 4
64 × 8
64 × 9
32 × 16
32 × 18

4K × 1
2K × 2
1K × 4
512 × 8
512 × 9
256 × 16
256 × 18
128 × 32
128 × 36

64K × 8
64K × 9
32K × 16
32K × 18
16K × 32
16K × 36
8K × 64
8K × 72
4K × 128
4K × 144

Notes to Table 4–2:
(1) See the DC & Switching Characteristics chapter of the Stratix GX Device Handbook, 

Volume 1 for maximum performance information.
(2) The M-RAM block does not support memory initializations. However, the 

M-RAM block can emulate a ROM function using a dual-port RAM bock. The 
Stratix GX device must write to the dual-port memory once and then disable the 
write-enable ports afterwards.

Table 4–2. TriMatrix Memory Features (Part 2 of 2)

Memory Feature M512 RAM Block 
(32 × 18 Bits)

M4K RAM Block 
(128 × 36 Bits)

M-RAM Block 
(4K × 144 Bits)

dataA[ ]
addressA[ ]
wrenA

   clockA

clockenA

qA[ ]
aclrA

dataB[ ]
addressB[ ]

wrenB

clockB   
clockenB

qB[ ]
aclrB

A B
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TriMatrix Memory
Figure 4–19. EP1SGX40 Device with M-RAM Interface Locations  Note (1)

Note to Figure 4–19:
(1) Device shown is an EP1SGX40 device. The number and position of M-RAM blocks varies in other devices.

The M-RAM block local interconnect is driven by the R4, R8, C4, C8, and 
direct link interconnects from adjacent LABs. For independent M-RAM 
blocks, up to 10 direct link address and control signal input connections 
to the M-RAM block are possible from the left adjacent LABs for M-RAM 
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Stratix GX Architecture
blocks facing to the left, and another 10 possible from the right adjacent 
LABs for M-RAM blocks facing to the right. For column interfacing, every 
M-RAM column unit connects to the right and left column lines, allowing 
each M-RAM column unit to communicate directly with three columns of 
LABs. Figures 4–20 through 4–22 show the interface between the M-RAM 
block and the logic array.
Altera Corporation   4–35
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TriMatrix Memory
Figure 4–20. Left-Facing M-RAM to Interconnect Interface  Notes (1), (2)

Notes to Figure 4–20:
(1) Only R24 and C16 interconnects cross the M-RAM block boundaries.
(2) The right-facing M-RAM block has interface blocks on the right side, but none on the left. B1 to B6 and A1 to A6 

orientation is clipped across the vertical axis for right-facing M-RAM blocks.
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Stratix GX Architecture
Table 4–11 shows the input and output data signal connections for the 
column units (B1 to B6 and A1 to A6). It also shows the address and 
control signal input connections to the row units (R1 to R11).

Table 4–11. M-RAM Row & Column Interface Unit Signals

Unit Interface Block Input SIgnals Output Signals

R1 addressa[7..0]

R2 addressa[15..8]

R3 byte_enable_a[7..0]
renwe_a

R4 -

R5 -

R6 clock_a
clocken_a
clock_b

clocken_b

R7 -

R8 -

R9 byte_enable_b[7..0]
renwe_b

R10 addressb[15..8]

R11 addressb[7..0]

B1 datain_b[71..60] dataout_b[71..60]

B2 datain_b[59..48] dataout_b[59..48]

B3 datain_b[47..36] dataout_b[47..36]

B4 datain_b[35..24] dataout_b[35..24]

B5 datain_b[23..12] dataout_b[23..12]

B6 datain_b[11..0] dataout_b[11..0]

A1 datain_a[71..60] dataout_a[71..60]

A2 datain_a[59..48] dataout_a[59..48]

A3 datain_a[47..36] dataout_a[47..36]

A4 datain_a[35..24] dataout_a[35..24]

A5 datain_a[23..12] dataout_a[23..12]

A6 datain_a[11..0] dataout_a[11..0]
Altera Corporation   4–39
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Stratix GX Architecture
Figure 4–30. DSP Block Diagram for 9 × 9-Bit Configuration
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Digital Signal Processing Block
Figure 4–34. Simple Multiplier Mode

Note to Figure 4–34:
(1) These signals are not registered or registered once to match the data path pipeline.

DSP blocks can also implement one 36 × 36-bit multiplier in multiplier 
mode. DSP blocks use four 18 × 18-bit multipliers combined with 
dedicated adder and internal shift circuitry to achieve 36-bit 
multiplication. The input shift register feature is not available for the 
36 × 36-bit multiplier. In 36 × 36-bit mode, the device can use the register 
that is normally a multiplier-result-output register as a pipeline stage for 
the 36 × 36-bit multiplier. Figure 4–35 shows the 36 × 36-bit multiply 
mode.
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Stratix GX Architecture
Figure 4–48. PLL Floorplan

Figure 4–49 shows the global and regional clock connections from the 
PLL outputs and the CLK pins.
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PLLs & Clock Networks
pair of output pins (four pins total) has dedicated VCC and GND pins to 
reduce the output clock’s overall jitter by providing improved isolation 
from switching I/O pins. 

For PLLs 5 and 6, each pin of a single-ended output pair can either be in 
phase or 180° out of phase. The clock output pin pairs support the same 
I/O standards as standard output pins (in the top and bottom banks) as 
well as LVDS, LVPECL, 3.3-V PCML, HyperTransport technology, 
differential HSTL, and differential SSTL. Table 4–19 shows which I/O 
standards the enhanced PLL clock pins support. When in single-ended or 
differential mode, the two outputs operate off the same power supply. 
Both outputs use the same standards in single-ended mode to maintain 
performance. You can also use the external clock output pins as user 
output pins if external enhanced PLL clocking is not needed.

Table 4–19. I/O Standards Supported for Enhanced PLL Pins (Part 1 of 2)

I/O Standard
Input Output

INCLK FBIN PLLENABLE EXTCLK

LVTTL v v v v

LVCMOS v v v v

2.5 V v v v

1.8 V v v v

1.5 V v v v

3.3-V PCI v v v

3.3-V PCI-X v v v

LVPECL v v v

3.3-V PCML v v v

LVDS v v v

HyperTransport technology v v v

Differential HSTL v v

Differential SSTL v

3.3-V GTL v v v

3.3-V GTL+ v v v

1.5-V HSTL class I v v v

1.5-V HSTL class II v v v

SSTL-18 class I v v v

SSTL-18 class II v v v

SSTL-2 class I v v v

SSTL-2 class II v v v
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PLLs & Clock Networks
The areset signals are reset/resynchronization inputs for each PLL. The 
areset signal should be asserted every time the PLL loses lock to 
guarantee correct phase relationship between the PLL output clocks. 
Users should include the areset signal in designs if any of the following 
conditions are true:

■ PLL Reconfiguration or Clock switchover enables in the design.
■ Phase relationships between output clocks need to be maintained 

after a loss of lock condition

The device input pins or logic elements (LEs) can drive these input 
signals. When driven high, the PLL counters resets, clearing the PLL 
output and placing the PLL out of lock. The VCO sets back to its nominal 
setting (~700 MHz). When driven low again, the PLL resynchronizes to 
its input as it relocks. If the target VCO frequency is below this nominal 
frequency, then the output frequency starts at a higher value than desired 
as the PLL locks. If the system cannot tolerate this, the clkena signal can 
disable the output clocks until the PLL locks.

The pfdena signals control the phase frequency detector (PFD) output 
with a programmable gate. If you disable the PFD, the VCO operates at 
its last set value of control voltage and frequency with some long-term 
drift to a lower frequency. The system continues running when the PLL 
goes out of lock or the input clock is disabled. By maintaining the last 
locked frequency, the system has time to store its current settings before 
shutting down. You can either use your own control signal or a clkloss 
status signal to trigger pfdena.

The clkena signals control the enhanced PLL regional and global 
outputs. Each regional and global output port has its own clkena signal. 
The clkena signals synchronously disable or enable the clock at the PLL 
output port by gating the outputs of the g and l counters. The clkena 
signals are registered on the falling edge of the counter output clock to 
enable or disable the clock without glitches. Figure 4–56 shows the 
waveform example for a PLL clock port enable. The PLL can remain 
locked independent of the clkena signals since the loop-related counters 
are not affected. This feature is useful for applications that require a low 
power or sleep mode. Upon re-enabling, the PLL does not need a 
resynchronization or relock period. The clkena signal can also disable 
clock outputs if the system is not tolerant to frequency overshoot during 
resynchronization.

The extclkena signals work in the same way as the clkena signals, but 
they control the external clock output counters (e0, e1, e2, and e3). Upon 
re-enabling, the PLL does not need a resynchronization or relock period 
4–92   Altera Corporation
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I/O Structure
Figure 4–59. Row I/O Block Connection to the Interconnect

Notes to Figure 4–59:
(1) The 16 control signals are composed of four output enables io_boe[3..0], four clock enables io_bce[3..0], 

four clocks io_clk[3..0], and four clear signals io_bclr[3..0].
(2) The 28 data and control signals consist of eight data out lines: four lines each for DDR applications 

io_dataouta[3..0] and io_dataoutb[3..0], four output enables io_coe[3..0], four input clock enables 
io_cce_in[3..0], four output clock enables io_cce_out[3..0], four clocks io_cclk[3..0], and four clear 
signals io_cclr[3..0].

16

28

R4, R8 & R24
Interconnects

C4, C8 & C16
Interconnects

I/O Block Local 
Interconnect

16 Control Signals
from I/O Interconnect (1)

I/O Interconnect

28 Data & Control 
Signals from 
Logic Array (2)

io_dataouta[3..0]
io_dataoutb[3..0]

io_clk[7:0]

Horizontal I/O
Block Contains
up to Four IOEs

Direct Link
Interconnect

to Adjacent LAB

Direct Link
Interconnect

to Adjacent LAB

LAB Local
Interconnect

LAB Horizontal
I/O Block
4–98   Altera Corporation
Stratix GX Device Handbook, Volume 1 February 2005



Stratix GX Architecture
The bus-hold circuitry uses a resistor with a nominal resistance (RBH) of 
approximately 7 kΩ to weakly pull the signal level to the last-driven state. 
The chapter DC & Switching Characteristics of the Stratix GX Device 
Handbook, Volume 1 gives the specific sustaining current driven through 
this resistor and the overdrive current used to identify the next-driven 
input level. This information is provided for each VCCIO voltage level.

The bus-hold circuitry is active only after configuration. When going into 
user mode, the bus-hold circuit captures the value on the pin present at 
the end of configuration.

Programmable Pull-Up Resistor

Each Stratix GX device I/O pin provides an optional programmable pull-
up resistor during user mode. If this feature is enabled for an I/O pin, the 
pull-up resistor (typically 25 kΩ) weakly holds the output to the VCCIO 
level of the output pin’s bank. Table 4–26 shows which pin types support 
the weak pull-up resistor feature.

Advanced I/O Standard Support

Stratix GX device IOEs support the following I/O standards: 

■ LVTTL
■ LVCMOS
■ 1.5 V
■ 1.8 V
■ 2.5 V
■ 3.3-V PCI
■ 3.3-V PCI-X 1.0
■ 3.3-V AGP (1× and 2×)

Table 4–26. Programmable Weak Pull-Up Resistor Support

Pin Type Programmable Weak Pull-Up Resistor

I/O pins v

CLK[15..0]

FCLK v

FPLL[7..10]CLK

Configuration pins

JTAG pins v (1)

Note to Table 4–26:
(1) TDO pins do not support programmable weak pull-up resistors.
Altera Corporation   4–113
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Configuration & Testing
Local Update Mode

Local update mode is a simplified version of the remote update. This 
feature is intended for simple systems that need to load a single 
application configuration immediately upon power-up without loading 
the factory configuration first. Local update designs have only one 
application configuration to load, so it does not require a factory 
configuration to determine which application configuration to use. 
Figure 5–3 shows the transition diagram for local update mode.

Figure 5–3. Local Update Transition Diagram
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controlled by the Device & Pin Options dialog box in the Quartus II 
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DC & Switching Characteristics
The scaling factors for output pin timing in Table 6–80 are shown in units 
of time per pF unit of capacitance (ps/pF). Add this delay to the 
combinational timing path for output or bidirectional pins in addition to 
the “I/O Adder” delays shown in Tables 6–72 through 6–77 and the “IOE 
Programmable Delays” in Tables 6–78 and 6–79.

Table 6–80. Output Delay Adder for Loading on LVTTL/LVCMOS Output Buffers

LVTTL/LVCMOS Standards

Conditions Output Pin Adder Delay (ps/pF)

Parameter Value 3.3-V LVTTL 2.5-V LVTTL 1.8-V LVTTL 1.5-V LVTTL LVCMOS

Drive Strength

24 mA 15 – – - 8

16 mA 25 18 – – –

12 mA 30 25 25 – 15

8 mA 50 35 40 35 20

4 mA 60 – – 80 30

2 mA – 75 120 160 60

SSTL/HSTL Standards

Conditions
Output Pin Adder Delay (ps/pF)

SSTL-3 SSTL-2 SSTL-1.8 1.5-V HSTL 1.8-V HSTL

Class I
Class II

25 25 25 25 25

25 20 25 20 20

GTL+/GTL/CTT/PCI Standards

Conditions Output Pin Adder Delay (ps/pF)

Parameter Value GTL+ GTL CTT PCI AGP

VC C I O voltage 
level

3.3 V 18 18 25 20 20

2.5 V 15 18 - - -
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DC & Switching Characteristics
Table 6–87 shows the high-speed I/O timing specifications for Stratix GX 
devices.

tFALL High-to-low transmission time.

Timing unit interval (TUI) The timing budget allowed for skew, propagation delays, and data 
sampling window. (TUI = 1/(Receiver Input Clock Frequency ×  
Multiplication Factor) = tC/w).

fHSDR Maximum/minimum LVDS data transfer rate (fHSDR = 1/TUI), non-DPA.

fHSDRDPA Maximum/minimum LVDS data transfer rate (fHSDRDPA = 1/TUI), DPA.

Channel-to-channel skew (TCCS) The timing difference between the fastest and slowest output edges, 
including tCO variation and clock skew. The clock is included in the TCCS 
measurement.

Sampling window (SW) The period of time during which the data must be valid in order to capture 
it correctly. The setup and hold times determine the ideal strobe position 
within the sampling window.
SW = tSW (max) – tSW (min).

Input jitter (peak-to-peak) Peak-to-peak input jitter on high-speed PLLs.

Output jitter (peak-to-peak) Peak-to-peak output jitter on high-speed PLLs.

tDUTY Duty cycle on high-speed transmitter output clock.

tLOCK Lock time for high-speed transmitter and receiver PLLs.

Table 6–86. High-Speed Timing Specifications & Definitions (Part 2 of 2)

High-Speed Timing Specification Definitions

Table 6–87. High-Speed I/O Specifications (Part 1 of 4) Notes (1), (2)

Symbol Conditions
-5 Speed Grade -6 Speed Grade -7 Speed Grade

Unit
Min Typ Max Min Typ Max Min Typ Max

fHSCLK (Clock 
frequency)
(LVDS, 
LVPECL, 
HyperTransport 
technology)
fHSCLK = 
fHSDR / W

W = 1 to 30 for ≤ 717 
Mbps
W = 2 to 30 for > 717 
Mbps

10 717 10 717 10 624 MHz

fHSCLK_DPA 74 717 74 717 74 717 MHz
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High-Speed I/O Specification
fOUT Output frequency for internal global or 
regional clock 

0.3 450 MHz

fOUT_EXT Output frequency for external clock (2) 0.3 500 MHz

tOUTDUTY Duty cycle for external clock output 
(when set to 50%)

45 55 %

tJITTER Period jitter for external clock output (5) ±100 ps for >200 MHz outclk
±20 mUI for <200 MHz outclk

ps or 
mUI

tCONFIG5,6 Time required to reconfigure the scan 
chains for PLLs 5 and 6

289/fSCANCLK

tCONFIG11,12 Time required to reconfigure the scan 
chains for PLLs 11 and 12

193/fSCANCLK

tSCANCLK scanclk frequency (4) 22 MHz

tDLOCK Time required to lock dynamically (after 
switchover or reconfiguring any non-
post-scale counters/delays) (6) (10)

(8) 100 μs

tLOCK Time required to lock from end of 
device configuration (10)

10 400 μs

fVCO PLL internal VCO operating range 300 800 (7) MHz

tLSKEW Clock skew between two external clock 
outputs driven by the same counter

±50 ps

tSKEW Clock skew between two external clock 
outputs driven by the different counters 
with the same settings

±75 ps

fSS Spread spectrum modulation frequency 30 150 kHz

% spread Percentage spread for spread 
spectrum frequency (9)

0.4 0.5 0.6 %

tARESET Minimum pulse width on areset 
signal

10 ns

Table 6–90. Enhanced PLL Specifications for -7 Speed Grade (Part 1 of 3)

Symbol Parameter Min Typ Max Unit

fIN Input clock frequency 3 (1) 565 MHz

fINDUTY Input clock duty cycle 40 60 %

fEINDUTY External feedback clock input duty 
cycle

40 60 %

tINJITTER Input clock period jitter ±200 (2) ps

tEINJITTER External feedback clock period jitter ±200 (2) ps

Table 6–89. Enhanced PLL Specifications for -6 Speed Grades (Part 2 of 2)

Symbol Parameter Min Typ Max Unit
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